Salivary gland tumors (SGTs) are rare tumors of the head and neck with different clinical behavior. Preoperative diagnosis, based on instrumental and cytologic examinations, is crucial for their correct management. The identification of molecular markers might improve the accuracy of pre-surgical diagnosis helping to plan the proper treatment especially when a definitive diagnosis based only on cytomorphology cannot be achieved. miRNAs appear to be new promising biomarkers in the diagnosis and prognosis of cancer. Studies concerning the useful of miRNA expression in clinical decision-making regarding SGTs remain limited and controversial
Introduction
Salivary gland tumors (SGTs) are rare and heterogeneous neoplasms of the head and neck. The preoperative management includes various instrumental and cytologic examinations that PLOS ONE | https://doi.org/10.1371/journal.pone.0210968 January 25, 2019 1 / 16 a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
can be misleading for several reasons such as the many subtypes, the intratumoral heterogeneity and the morphological overlap patterns of these tumors [1] . Malignant lesions such as adenoid cystic carcinoma [2] or mucoepidermoid carcinoma [3] may be confused on cytology with Pleomorphic Adenoma (PA) because of the considerable overlap of the morphological patterns. The rate of false-negative results and poor accuracy for distinguishing between the various types of malignant SGTs are the main limitations of this technique. SGTs include rare lesions making difficult to acquire diagnostic expertise in Fine Needle Aspiration Cytology (FNAC) [4] .
At the same time, for clinical-decision making it is important to determine whether a neoplasm is benign or malignant, because it guides the extent of the surgery. An improper preoperative diagnosis can lead to undertreat or overtreat a lesion worsening the outcome of the patient. The poor accuracy is due to the lack of a unique methods able to identify the features of SGTs. Although the diagnostic pitfalls are seen in a minority of cases, ancillary diagnostic markers are needed in order to overcome these cytological limitations and plan the proper treatment for such neoplasms.
microRNAs (miRNAs) are described as having roles in many diseases, including cardiovascular diseases [5] , diabetes [6] , neurodegenerative diseases [7, 8] , kidney diseases [9] , and obesity [10] . miRNAs are also frequently deregulated in cancer. The deregulation of miRNAs (up-or down-regulation) affects the level of expression or the activity of tumor suppressors, oncogenes and other signaling molecules, and can cause DNA repair deficiencies, with a role in the development of human cancer [11] . According to the most recent evidences of the literature, miRNAs appear to be new promising biomarkers for diagnosis and prognosis of cancer [11] [12] [13] [14] .
To date, few studies have been published regarding the expression of miRNAs in SGTs. Some investigated the role of miRNAs in the progression of this type of cancer, particularly in two histotypes of SGTs: mucoepidermoid carcinoma and adenoid cystic carcinoma.
Binmadi et al. demonstrated the role of miR-302a in the invasion and aggressiveness of mucoepidermoid carcinoma [15] . Mitani et al. showed that deregulation of the miR-17-92 cluster may play a role in the biology of adenoid cystic carcinoma and might be a potential target for future therapeutic studies [16] . Chen et al. also analyzed miRNA profile in adenoid cystic carcinoma cells during metastatic progression, demonstrating up-regulation of miR-4487, -4430 and -486-3p, and down-regulation of miR-5191, -3131 and -211-3p [17] .
Some authors studied miRNA expression in saliva samples that are more available and are easy to obtain. However, conflicting results have been obtained [18, 19] . Independent studies reported deregulation of miRNAs in SGTs and differential miRNA expression profile between malignant, benign SGTs and normal tissue, increasing interest in the study of miRNAs in these neoplasms [19, 20] .
Therefore, in this study we investigated the expression of a wide panel of miRNAs (798 miRNAs) in patients with malignant SGTs and in patients with benign SGTs using an ultrasensitive method: Nanostring technology. The aim of this study was to identify a miRNA signature for differential diagnosis between benign and malignant SGTs to use when a definitive diagnosis cannot be made on cytomorphology alone. This signature could improve diagnosis and allow better clinical decision-making with more appropriate treatment of SGTs.
independently by two pathologists (C.U. and F.B.). A diagnostic concordance rate of 100% was achieved between the two investigators. The histopathological classification was performed in accordance with the WHO classification [21] .
Among the 24 patients, 14 had malignant SGT, and 10 had PA. The latter is known to be the most frequent histological type among the benign neoplasms of the salivary gland.
The majority of malignant SGTs were mucoepidermoid carcinomas (42,9%, 6 out of 14 malignant SGTs) and adenoid cystic carcinomas (28,7%, 4 out of 14 malignant SGTs). The remaining malignant SGTs were classified as acinic cell carcinoma (7,1%, 1 out 14 malignant SGTs), ductal carcinoma (7,1%, 1 out 14 malignant SGTs), cystadenocarcinoma (7,1%, 1 out 14 malignant SGTs), and adenocarcinoma (7,1%, 1 out 14 malignant SGTs). Benign samples included 5 women and 5 men, while malignant samples included 8 women and 6 men. The mean age was 52 years (38-75) and 63 years (26-84) for the benign and the malignant tumor groups, respectively. Both groups consisted of the same ethnic background (Caucasian). Patient characteristics and tumor classification are summarized in Table 1 .
All subjects gave their written informed consent for inclusion before they participated in the study. The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee of Azienda Ospedaliera Universitaria Pisana, Comitato per la Sperimentazione Clinica dei Farmaci (Project identification code: 29937).
miRNAs purification
For each sample, four 5-μm unstained sections were used for manual micro-dissection in order to increase the purified total RNA, including small RNAs. miRNAs were purified using the miRNeasy FFPE Kit (Qiagen Inc, Hilden, Germany) according to the manufacturer's protocol. miRNA was eluted in 20 μL of RNase-free water. RNA quantification was assessed with a NanoDrop Spectrophotometer (Thermo Fisher Scientific, Waltham, Massachusetts, USA).
nCounter human miRNA expression assay
The nCounter human v3 miRNA expression assay designed by Nanostring Technology (Nanostring, Seattle, WA, USA) was used in this study. This assay provided expression analysis of 798 human miRNAs using a pair of probes: a capture probe and a reporter probe. Furthermore, the assay included 5 housekeeping mRNAs (ACTB, B2M, RPL19 and RPLP0) for 
NanoString data normalization
The data produced by the nCounter Digital Analyzer contained the counts for each miRNA in a sample. Raw data of each miRNA were subjected to technical and biological normalization, using nSolver Software, version 2.5 (NanoString Technologies, Seattle, Washington).
Technical normalization allowed control of the variability unrelated to samples. If the calculated positive control scaling factor was outside a range of 0.3-3, it indicated technical problems, suggesting exclusion of the sample from further analysis.
Biological normalization, on the other hand, corrected for differences in RNA input among the assays. For each sample a biological normalization factor was determined. Whenever it was outside the range of 0.1-10.0, the sample was excluded from the analysis. miRNA input levels were normalized using the geometric mean of the top 100 miRNAs with the lowest variability coefficients. All the normalization steps were performed according to the manufacturers' instructions (NanoString Technologies, Seattle, Washington).
Functional analysis of miRNAs using DIANA-miRPath software
DNA Intelligent Analysis (DIANA)-miRPath v3.0 software (Vlachos et al. 2015 ) was used in order to identify the putative deregulated pathways by up-and down-regulated miRNAs between benign and malignant SGTs. This software links miRNAs to target genes from Tarbase, v7.0 and identifies the targeted 'KEGG' pathways. We used the 'pathways union' option of the miRPath software. P-values were obtained by the Fisher's exact test as enrichment analysis method and the false discovery rate (FDR) was estimated using the Benjamini and Hochberg method [22] .
Statistical analysis
The differential miRNA expression between pleomorphic adenomas and malignant SGTs was determined by applying the non-parametric Mann-Whitney U-test followed by the Benjamini-Hochberg (BH) correction. The Mann-Whitney U test was carried out using IBM SPSS software package, version 17.0.1. The R 'stats' package, version 3.4.0 was used for the BH correction. A cut-off of 0.05 for FDR was used to consider a miRNA significant.
The clustering analysis was performed with nSolver Analysis software 2.5 using Pearson's correlation.
The pathway analysis was carried out by DIANA-miRPath v3.0 software using FDR <0.05 as significant threshold [23] .
Results
In this study we analyzed the expression of 798 miRNA from 14 malignant SGTs, consisting of low and high-grade tumors, and from 10 PAs, using NanoString technology. Two out of 10 PAs were excluded for further analysis on the basis of the biological normalization factor.
To subtract the background noise, miRNAs with expression of less than two standard deviations from the mean of negative controls were not included in the analysis. This threshold allowed us to obtain 123 miRNAs suitable for analysis.
In the first step, we evaluated the expression profile of 22 samples using 123 miRNAs through unsupervised hierarchical clustering analysis, based on Pearson correlation. Subsequently, the same analysis was applied to 22 samples using miRNAs significantly deregulated between malignant and benign lesions.
miRNA expression profile of malignant SGTs and pleomorphic adenomas
To evaluate the miRNA expression profile of analyzed malignant and benign tumors, we performed an unsupervised hierarchical clustering analysis using 123 miRNAs, with average count of two standard deviations (SD) from the mean of negative control (mean + 2 SD).
Interestingly, we could identify two main expression profiles, represented by cluster A and cluster B. In detail, cluster A included all the malignant SGTs and only one PA, whereas cluster B included 7 out of 8 PAs (Fig 1) .
Differentially expressed miRNAs in malignant SGTs compared to pleomorphic adenomas
We performed a statistical analysis by using Mann-Whitney U-test in order to identify miRNAs that were differentially expressed between malignant and benign lesions.
We identified 61 differentially expressed miRNAs (P-value < 0.05) in malignant salivary gland tumors compared to PAs. Thirty-two out of 61 miRNAs were up-regulated, whereas 29 were down-regulated in malignant SGTs versus PAs. Applying the Benjamini-Hochberg correction, 46 out of 61 miRNAs had significant adjusted P-values (FDR < 0.05). Statistically significant miRNAs with P-values and adjusted P-values are summarized in Table 2 .
In addition, we performed an unsupervised hierarchical clustering analysis using miRNAs with an adjusted P-value < 0.05. The signature of 46 miRNAs appeared to be histotype-specific. This allowed us to identify two clusters composed of malignant SGTs (cluster A) and benign SGTs (cluster B) (Fig 2) .
Enriched pathways identified by DIANA-miRPath software DIANA miRPath v3.0 software revealed 44 enriched pathways with adjusted P-values <0.05. Among these, we selected 15 pathways involved in processes cancer related. The results are reported in Table 3 .
According to the KEGG pathway maps, 2 pathways were lipid metabolism related and 6 were environmental information processing related (1 was involved in signaling molecules and interactions and 5 were involved in signal transduction). The pathways related to cellular processes are involved in cellular growth and death (p53 signaling pathway and cell cycle) and in cellular community (adherens junction and focal adhesion).
In addition, pathways involved in cancer overview, such as pathways in cancer, proteoglycans in cancer and transcriptional misregulation in cancer were found significantly enriched.
Discussion
SGTs constitute 3% of all head and neck tumors [21] . They include a heterogeneous group of lesions with various grades of malignancy, various histological features and various clinicalbiological behaviors. FNAC is widely used as a first-line technique for the diagnosis of salivary gland pathologies [24] . However, it has not gained universal acceptance because of the high rate of false-negative results and poor accuracy for distinguishing among the different types of SGTs [25] . A more reliable diagnostic tool, such as the molecular markers identified in the present study, could improve the accuracy of pre-surgical assessment especially when a definitive diagnosis cannot be achieved based on cytomorphology only.
Whereas dysregulation of miRNA expression has been extensively reported in various types of tumors, including lung [26] , breast [27] , colon [28] , stomach [27] , pancreas [27] , liver [29] , prostate [30] , thyroid [31] , ovarian [32] and cervical cancers [33] , studies concerning miRNA expression in SGTs are limited.
Among salivary gland malignancies, adenoid cystic carcinoma is the most common histotype studied. It is characterized by local recurrence, distant metastasis, perineural invasion, and poor long-term survival. Some authors, investigating miRNA expression in the metastatic progression of this carcinoma, demonstrated not only the potential role of miRNA in the spread of cancer cells but also their potential role as therapeutic targets for this type of cancer [16, 17, 34] .
The value of salivary miRNA expression in clinical decision-making as a non-invasive diagnostic tool in SGTs remains controversial.
Matse et al. found on saliva samples that a combination of 4 miRNAs (miR-132, miR-15b, miR-140, and miR-223) was able to discriminate patients with malignant SGT from those with benign SGT [18] . Another independent study reported no differentially expressed miRNA on saliva samples between patients with benign neoplasms, malignant neoplasms and control groups [19] but the same authors showed a potential application of these molecular markers in the differential diagnosis when investigations were carried out on samples such as blood (plasma/serum) and tissues [19] .
In particular, they found a statistically significant up-regulation in malignant SGTs of miR199a and miR-30e in serum and plasma samples, respectively. The up-regulation of miR-199a-5p was also confirmed in tissue samples with miR-21, miR-31, miR-146b, and miR-345, when malignant salivary gland tumors were compared to the benign tumors [19] .
To understand the mechanisms involved in the molecular biology of SGTs, Santos et al. compared the expression profiles of miRNAs in benign vs malignant tumors. Only miR-9 exhibited significantly increased expression in benign tumors, whereas miR-195 showed significantly decreased expression in malignant tumors [20] .
Taken together, these published studies differed with respect to reporting differentially expressed miRNAs in benign and malignant SGTs.
Therefore, in our study, we investigated the expression of a wide panel of 798 miRNAs using an extremely sensitive method (Nanostring technology) in patients with malignant SGTs and in patients with benign SGTs in order to identify potential molecular markers for differential diagnosis when cytological analysis is inconclusive.
We found 46 miRNAs differentially expressed between malignant SGTs and PAs. Clustering analysis revealed that this molecular signature was able to differentiate benign from malignant lesions demonstrating a correlation between histological diagnosis and miRNA expression profile. miR-21, which was one of the most significant miRNA found in our study, is crucial for embryological development and morphogenesis of the submandibular gland [35] . However, according to Zhang et al., this miRNA also appears to be involved in tumorigenesis of salivary gland tumors [36] . Several studies reported miR-21 as one of the most oncogenic miRNAs. Many tumor suppressors have been identified and experimentally confirmed as target genes for this miRNA: PDCD4 in colorectal cancer [37] , PTEN in hepatocellular cancer [38] , p53, TGF-β and mitochondrial apoptosis tumor suppressor genes in glioblastoma cells [39] . Moreover, miR-21 was included among the 7 consistently up-regulated miRNAs in head and neck squamous cell carcinomas (HNSCC) [17] . In addition to these 7 up-regulated miRNAs, 4 microRNAs (miR-100, miR-99a, miR-125b, miR-375) have also been reported to be consistently down-regulated in HNSCC [17] . Among these, miR-100, miR-99a and miR-125b were found to be down-regulated also in our study. In particular, miR-125b down-regulation correlated with endometrial cancer invasion by targeting the proto-oncogene ERBB2 [40] and inducing proliferation, colony formation, migration and invasion of cutaneous squamous cell carcinoma cells [41] . Functional analysis also showed the tumor suppressive role of miR-125b by inhibiting matrix metallopeptidase 13 (MMP13) [41] . However, down-regulation not only of miR-125b but also of miR-100 appeared to have an important role in development and progression of oral cancer cells (OCCs) [42] . miR-100 is one of the members of miR-99 family together with miR-99a. Deregulation of miR-99 family members was associated with cell proliferation[17, [43] [44] [45] , cell migration [46] and apoptotic processes [44] . These evidences were confirmed by Chen et al., since the forced expression of miR-99 family members reduced cell proliferation, cell migration and increased apoptosis in HNSCC cell lines [46] . Furthermore, the results of our study reported that miR-135a-5p, miR-195-5p, miR-199a-5p, miR-222-3p and miR-320e were differentially expressed between benign and malignant SGTs. Similar results have been reported by Borrelli et al. where miR-135a-5p, miR-195-5p and miR-222-3p were differentially expressed between benign and malignant also in thyroid tumors. The same authors proposed to evaluate miR-222-3p, miR-199a-5p and miR-320e in the diagnosis of pre-surgical fine-needle aspiration of indeterminate thyroid nodules [14] .
A fundamental aspect that should not be overlooked in tumors development and progression is their interaction with the microenvironment. In our study, among significantly down-regulated miRNAs, miR-195 and miR-9 were reported to be involved in the interaction of tumor cells with the microenvironment [20, 36, 47] .
Zhang et al. found that anti-miR-9 inhibitor suppressed invasion, metastasis and angiogenesis in neuroblastoma cell lines [48] . By contrast, Santos et al. recently showed a significant negative correlation between miR-9 expression and microvessel density in salivary gland tumors [20] . Since miR-9 is secreted by fibroblasts the higher expression of miR-9 in our PAs miRNAs for diagnosis of salivary gland tumors may be explained by the rich extracellular matrix found in these tumors. According to these findings, the deregulation of miR-9 may be involved in the cross-talk between cancer cells and stroma, as reported by Baroni et al 2016 [49] .
Two independent research groups reported the relationship between miR-195 overexpression and inhibition of angiogenesis both in hepatocellular carcinoma and salivary gland tumors [20, 44] . In our study miR-195 was significantly up-regulated in malignant lesions so it could contribute to the pathogenesis of these tumors.
However, of particular interest is that an association between some of deregulated miRNAs detected in our study and salivary gland tumors has already been reported. miR-17-92 cluster was associated with the aggressive behavior of adenoid cystic carcinomas. [16] . Four out of 21 up-regulated miRNAs in our study belong to miR-17-92 cluster: miR-93, miR-106a, miR-20a, miR-106b. Therefore, the deregulation of these miRNAs is probably involved not only in pathogenesis of malignant SGTs but may also play a role in the biology and in the outcome of these tumors.
We have also verified that some of the deregulated miRNAs in our study, such as miR374a-5p, miR-222-3p, miR-15b-5p, let-7g-5p and miR-140-5p, were also differentially expressed on saliva samples between patients with malignant tumors and patients with benign tumors in Matse et al. study [18] .
In more details, miR-374 and miR-140 were up-and down-regulated, respectively, both in our malignant tissue samples and in saliva samples of Matse's study [18] . Let-7g, miR-222 and miR-15b-5p appeared up-regulated in our malignant tissue samples but were down-regulated in saliva samples of patients with malignant tumors. These controversial results may arise from two points: first, the two studies used different subtypes of salivary gland tumors; second, total miRNAs were not freely circulating in saliva but may have been enclosed in microvesicles, primarily exosomes [50, 51] . Comparing our results with the other evidences of the literature, we found that the 46 deregulated miRNAs identified in this study may influence tumor suppressor expression, cell invasion, cell proliferation, cell migration, apoptosis and angiogenesis in SGTs. We confirmed the correlation between the deregulation of these miRNAs and cellular processes in cancer by using the software DIANA miRPath v.3.0. Overall, this analysis revealed 44 enriched pathways and we selected 15 pathways cancer related. In addition to pathways involved in cancer overview, as well as pathways in cancer, proteoglycans in cancer and transcriptional misregulation in cancer, the pathways related to interaction between cell-cell and tumor cells-microenvironment (ECM-receptor interaction, adherens junction, focal adhesion), cell growth and death (p53 signaling pathway and cell cycle), lipid metabolism and signaling transduction (TGF-beta signaling pathway, Hippo signaling pathway, FoxO signaling pathway, PI3K-Akt signaling pathway, mTOR signaling pathway) were significantly enriched in this analysis.
These results indicate that the deregulation of these miRNAs influence cellular processes cancer related such as tumorigenesis (fatty acid synthesis, p53 signaling pathway, PI3K-Akt signaling pathway, mTOR signaling pathway) [52] [53] [54] [55] , cell proliferation (lipid metabolism, FoxO signaling pathway, mTOR signaling pathway, TGF-beta signaling pathway, Hippo signaling pathway) [55] [56] [57] [58] [59] , cell growth and survival (mTOR signaling pathway, FOXO signaling pathway) [55, 57] , tumor suppressor expression (TGF-beta signaling pathway) [58, 60] , angiogenesis (TGF-beta signaling pathway) [61] , and tumor progression (ECM-receptor interaction, adherens junction, focal adhesion, fatty acid synthesis, TGF-beta signaling pathway) [52, 58, [62] [63] [64] .
Conclusions
In conclusion, the deregulation of 46 miRNAs identified in our study may influence different processes cancer related.
Although a major sample size, more homogenous groups of lesions in terms of histology, and a prospective analysis on biological fluids are needed to strengthen the accuracy of our results, we believe that this is a good starting point. The signature of 46 miRNAs identified in our study might be potentially useful in differential diagnosis of SGTs when a definitive decision cannot be achieved based on only cytological analysis. In these cases, an accurate diagnosis will allow better clinical decision making with more appropriate treatment.
